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Method of Manufacturing a Steel Cord for Reinforcement 
of Rubber Articles 



(57) ABSTRACT 

Problem: To devise a manufacturing method 
whereby a steel cord, wherein a plurality of cord 
strands are drawn parallel in a planar alignment 
and a wrapping strand is wrapped around these, a 
waveform is applied in the width direction (lateral 
direction) and the thickness direction (vertical 
direction) of the steel cord, and the wrapping 
strand is wrapped around following the troughs of 
the waves, can be formed effectively and 
efficiently. 

Solution: A method of manufacturing a steel 
cord for reinforcement of rubber articles, wherein a 
lateral waveform, or a substantially spiral form, is 
applied to individual cord strands 1 by a forming 
device 62, a plurality of cord strands 1 are drawn 
parallel, with the phases of the forms in alignment, 
and wrapped by a wrapping strand 2 at a pitch 
equal to that of said form, in a wrapping device 63, 
and the steel cord around which the wrapping cord 
is wrapped is pressed so as to flatten it while 
applying a vertical waveform of the same pitch as 
that of said form, in a presser 64. 
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CLAIMS 

1. In a method of manufacturing a steel cord for 
reinforcement of rubber articles wherein a plurality 
of cord strands are drawn parallel in a planar 
alignment and a wrapping strand is wrapped 
around these, a waveform is applied in the width 
direction (lateral direction) and the thickness 
direction (vertical direction) of the steel cord, and 
the wrapping strand is wrapped around following 
the troughs of the waves, 

a method of manufacturing a steel cord for 
reinforcement of rubber articles wherein a lateral 
waveform, or a substantially spiral form, is applied 
to individual cord strands by a forming device, a 
plurality of cord strands are drawn parallel, with 
the phases of the forms in alignment, and wrapped 
by a wrapping strand at a pitch equal to that of 
said form, in a wrapping device, and 

the steel cord around which the wrapping cord is 
wrapped is pressed so as to flatten it while 
applying a vertical waveform of the same pitch as 
that of said form, in a presser. 

2. A method of manufacturing a steel cord for 
reinforcement of rubber articles wherein, after 
applying a waveform, or a substantially spiral form, 
to a plurality of cord strands having [a] strand 
diameter of 0.1 to 0.40 mm, the phases of said 
forms are aligned and introduced to a wrapping 
device, a wrapping strand is wrapped around the 
periphery thereof, whereafter this is passed 
through a presser, and a pressing process is 
performed so that the cord strands are aligned 
with each other on a single plane, and a waveform 
is applied in the thickness direction. 

3. The method of manufacturing a steel cord for 
reinforcement of rubber articles of claim 1 or claim 
2, wherein the wrapping strand is caused to follow 
the troughs of said lateral waveforms or spiral 
forms and of said vertical waveforms. 

4. The method of manufacturing a steel cord for 
reinforcement of rubber articles of claim 1 or claim 
2, wherein the wrapping strand fits within the wave 
height of said lateral waveforms or spiral forms 
and of said vertical waveforms. 

DETAILED DESCRIPTION OF THE INVENTION 
0001 

Field of Industrial Application 

The present invention relates to a method of 
manufacturing a steel cord for reinforcement of 
rubber articles, which is used to reinforce articles, 
such as automobile tires and conveyor belts, and 
allows a fiat steel cord to which waveforms have 
been applied in the lateral direction (width 
direction) and vertical direction (thickness 
direction) to be formed to easily, accurately, and 
efficiently. 

0002 

Prior Art 

It is common for steel cords for reinforcing 
articles to be produced by twisting together a 
plurality of cord strands, but due to an increase in 
the strength of cord strands, as this is effective in 
reducing weight and lowering the cost of 
manufacture of steel cords, and because this 
makes steel cords thinner, whereby they have a 
directionality in terms of bending stiffness such 
that the lateral bending stiffness is high and the 
longitudinal bending stiffness is low, which greatly 
improves tire performance, the aforementioned 
steel cord, formed by drawing parallel, in a planar 
alignment, a plurality of cord strands and wrapping 



a thin wrapping strand around these in a helix, has 
been developed and put to practical use. 
Examples of this include that described in 
JP-A-62-149929 and JP-A-63-240402. As shown 
in FIG. 7 and FIG. 8, these have a simple structure 
wherein a plurality of straight cord strands 1 are 
drawn parallel in a plane, and a wrapping strand 2 
is wrapped around this; accordingly, these have 
inferior elasticity in the lengthwise direction and, 
as a result, such problems as low fatigue strength 
remain, in order to improve the characteristics 
thereof, the application of a waveform to the cord 
strands so as to increase elasticity in the 
lengthwise direction is known (JP-A-08-1 20578). 
This conventional [cord] certainly has increased 
elasticity in the lengthwise direction, but the 
following problems remain. That is to say, the 
wrapping strand protruded from the surface of the 
steel cord by the thickness thereof (for example, 
0.15 mm); furthermore, as this was not intertwined 
with the cord, there was a large degree of freedom 
of the wrapping strand on the surface of the cord 
in the lengthwise direction of the cord, which 
resulted in an unstable form which was readily 
subject to external force, and moreover, rubbing 
against guides, etc., in take up or supply during 
manufacture of the cord, could easily break the 
wrapping strand, and [consequently] the 
workability in terms of handling was poor. 
Furthermore, when the tire was driven, fretting 
wear occurred between the wrapping strand and 
the cord. Furthermore, the width of the cord was 
increased by the amount that the wrapping strand 
protruded from the lateral surface of the cord, and 
even if the diameter of this wrapping strand is 
small, as several hundred of these are laid side by 
side, an increase in the cord width has a 
considerable effect in that it decreases the number 
of cords which are embedded in the tire. With the 
object of solving these problems in the 
conventional examples, a steel cord having a 
novel structure was invented wherein a waveform 
is applied in the width direction (lateral direction) 
and the thickness direction (vertical direction) of 
the steel cord, and the wrapping strand is wrapped 
around following the troughs of the waves so that 
the wrapping strand does not protrude from the 
cord surface and the degree of freedom of the 
wrapping strand in the lengthwise direction of the 
cord can be reduced. As this steel cord having a 
novel structure has a flat structure wherein waves 
in the lateral direction (direction of the width of the 
steel cord) and in the vertical direction (direction of 
the thickness of the steel cord) are aligned, and a 
wrapping strand is wrapped around this, problems 
remain in terms of manufacturing technology, such 
as those of the flat structure collapsing as a result 
of the constrictive force of the wrapping strand, not 
only in terms of how to facilitate the shaping 
process, but in terms of how the shaping process 
can be performed accurately and efficiently. 
0003 

Problems to Be Solved by the Invention 

The problem to be solved by the inventive 
means is that of devising a manufacturing method 
whereby a steel cord, wherein a plurality of cord 
strands are drawn parallel in a planar alignment 
and a wrapping strand is wrapped around these, a 
waveform is applied in the width direction (lateral 
direction) and the thickness direction (vertical 
direction) of the steel cord, and the wrapping 
strand is wrapped around following the troughs of 
the waves, can be formed effectively and 
efficiently. 
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0004 

Means for Solving the Problems 

In a method of manufacturing a steel cord 
wherein a plurality of cord strands are drawn 
parallel in a planar alignment and a wrapping cord 
is wrapped around this, wherein a waveform is 
applied in the width direction (lateral direction) and 
the thickness direction (vertical direction) of the 
steel cord, and wherein the wrapping cord is 
wrapped around following the troughs of the 
waves, the means provided to solve the 
aforementioned problems are constituted by the 
following elements (i) and (ii). 

(i) A waveform is applied to the individual cord 
strands in the lateral direction, a plurality of cord 
strands are drawn parallel, with the phases of 
these waveforms in alignment, and the wrapping 
strand is wrapped around at the same pitch as that 
of the waveforms; 

(ii) the steel cord around which the wrapping 
cord has been wrapped is pressed, and while this 
is flattened, a vertical waveform of the same pitch 
is applied. 

0005 

Operation 

After applying a lateral waveform to the 
individual cord strands, a plurality of cord strands 
are drawn parallel, with the phases of these 
waveforms in alignment, and the wrapping strand 
is wrapped around at the same pitch as the lateral 
waveform, whereby the wrapping strand is 
wrapped around the troughs of the waves so as to 
bind together the plurality of cord strands. This 
steel cord is pressed in the vertical direction 
(thickness direction), for example, by a plurality of 
pressure rollers in a top-bottom staggered 
configuration, and while flattening this, a waveform 
of the same pitch is applied in the vertical direction 
(thickness direction), whereby the steel cord is 
rendered a steel cord having a waveform in the 
lateral direction (width direction) and the vertical 
direction (thickness direction). The steel cord 
formed in the manner described above is a steel 
cord having a waveform of the same pitch in the 
width direction and the thickness direction, and the 
wrapping strand fits into the troughs of the waves 
in both the lateral direction (width direction) and 
the vertical direction (thickness direction) so that it 
is accommodated within the apparent exterior 
faces of the steel cord. As the lateral waving 
process is performed at the cord strand stage, the 
lateral waveform can be applied in an extremely 
simple, easy and accurate manner; and if these 
cord strands to which a waveform has been 
applied are drawn parallel, with the pitches thereof 
aligned, and the wrapping strand is wrapped 
around at the same pitch, the wrapping strand 
naturally fits into the troughs of the waves, 
resulting in an accurate and efficient 
wrapping-strand wrapping operation; moreover, as 
the wrapping strand fits into the troughs of the 
lateral waves at this stage, it is engaged in a 
solidly stable manner in the lengthwise direction of 
the cord. The plurality of cord strands which have 
been bound together by a solidly stable wrapping 
of the wrapping cord, which fits into the lateral 
troughs of the waves, is flattened by pressure 
means, such as pressure rollers, while a waveform 
is applied in the vertical direction (thickness 
direction), whereby it is reliably and accurately 
flattened without collapse of the form due to 
slipping of the wrapping strand in the lengthwise 



direction of the steel cord when the waveform is 
applied in the vertical direction, and the wrapping 
strand is reliably fitted into the troughs of the 
vertical waves which are formed by the pressure 
means. Furthermore, so long as the lateral 
waveform which is applied to the cord strands is a 
wave in the planar sense, as this provides the 
function described above, in addition to a 
so-called waveform, this may be a helix form. 
0006 

Embodiments 

Next, embodiments are described with reference 
to the drawings. The steel cord for reinforcement 
of rubber articles in this example [comprises] a 
wrapping strand 2 wrapped around three cord 
strands 1, which are drawn parallel in a planar 
alignment; the cord strands are 0.3 mm in 
diameter, and the wrapping strand is 0.15 mm in 
diameter. After applying a lateral waveform having 
a wave height of 0.5 mm and a pitch of 5 mm (see 
FIG. 2 and FIG. 4), the wrapping strand is wrapped 
around at a wrapping pitch of 5 mm. With the 
wrapping strand wrapped around, this is pressed 
and flattened in the vertical direction, while a 
vertical waveform having a pitch of 5 mm is 
applied to the steel cord (see FIG. 1 and FIG. 3). 
The wrapping strand follows the troughs of the 
vertical waveforms and is wrapped in the troughs 
of the lateral waveforms so that the relationship 
between the cord and the wrapping strands is as 
shown in FIG. 4 and FIG. 5. In other words, at 
section A-A of FIG. 4, the wrapping strand is at 
one edge of the steel cord (FIG. 5, A-A); at section 
B-B, it is at the back of the steel cord (FIG. 5, 
B-B); at section C-C it is at the other edge of the 
steel cord (FIG. 5, C-C); and at section D-D it is at 
the front of the steel cord (FIG. 5, D-D). Thus, as 
the wrapping strand 2 is within the apparent 
thickness of the steel cord, it is accommodated 
within the apparent front and back faces of the 
steel cord (FIG. 5, B-B and D-D); furthermore, as 
the wrapping strand is wrapped so as to follow the 
troughs of the lateral waveform and is within the 
apparent width W of the steel cord, it is 
accommodated within the apparent lateral faces of 
the steel cord (FIG. 5, A-A and C-C). A form is 
applied to the cord strands 1 fed from the three 
supply reels 61 as they pass through waving 
devices 62; the 3 formed cord strands pass 
through a wrapping device 63, then pass through a 
pressor 64, and, lastly, are taken up by a take-up 
reel 65. In the wrapping device 63, the three cord 
strands are drawn parallel, with the waveforms in 
alignment, and are bound together by a relatively 
loose wrapping of the wrapping strand 2 in the 
troughs of the waveforms, at the same pitch as 
these waveforms. The [cord], which is bound in 
this manner, passes through the presser 64 
wherein 5 rollers are given a top-bottom staggered 
configuration, and while this is pressed flat in the 
vertical direction, a waveform is applied in the 
vertical direction, whereby a flat steel cord to 
which a waveform has been applied in the vertical 
direction (thickness direction) is formed. At this 
point, the wrapping pitch of the wrapping strand 
and the waveform pitch in the vertical direction 
(thickness direction) are equal; the wrapping 
strand follows the troughs of the waveforms and 
fits therein. The embodiment described above is 
an example of a manufacturing method for a single 
lateral row of 
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cord strands, but, for example, in the 
manufacture of a [cord] having 2 layers of 3 
cord strands each, the width of the flat steel 
cord may be limited to the width of 3 cord 
strands by the pressure rollers of the presser, 
and a [cord] wherein 6 cord strands are bound 
together by a wrapping strand may be passed 
through a presser comprising the pressure 
rollers described above. 

0007 

Effects 

With the wrapping strand wrapped so as to fit 
into the troughs of a cord to which a waveform 
has been applied, this is passed through a 
presser, and a flattening process is performed 
at the same time as a vertical direction 
(thickness direction) waving process is 
performed, consequently the wrapping cord 
does not slip in the lengthwise direction of the 
cord, and thus the accuracy of the forming 
process is high, and the form of the finished 
steel cord is stable. Furthermore, since the 
waving process is performed at the cord strand 
stage, and these are drawn parallel so as to 
align the phases of the waveforms and 
wrapped and bound together by the wrapping 
cord, in the wrapping device, the workability 
and the working efficiency thereof is excellent; 
and since [the cord] is passed through the 
presser with the wrapping cord wrapped around 
in the manner described above [where] a 
flattening process and a waving process in the 
vertical direction (thickness direction) is 
performed, the flattening process and the 
waving process in the vertical direction 
(thickness direction) are performed in a stable 
and efficient manner. The steel cord produced 
by the manufacturing method described above 
has the following advantages. As the wrapping 
strand is wrapped in the troughs of the cord to 
which a waveform has been applied, the 
wrapping cord is firmly fixed in place, the form 
of the steel cord itself is stable, and the 
workability in terms of handling thereof is 
superior. Furthermore, as the wrapping strand 
fits into the troughs of the vertical and lateral 
waveforms of the cord, fretting wear is not 



caused by slipping of the wrapping strand in 
the lengthwise direction of the cord; 
furthermore, as it is also possible to avoid 
placing excessive force on the wrapping strand 
as a result of outside force or in take-up or 
supply, the problem of breaking of the wrapping 
strand does not arise. Moreover, as the 
wrapping strand fits into the troughs of the 
lateral and vertical waveforms, the wrapping 
strand does not protrude from the surface of 
the cord, a result of which increases to the 
lateral dimension and increases to the 
thickness of the cord are avoided, thereby 
allowing for an increase in the number of steel 
cords embedded in the rubber article per unit 
width, making possible an increase in the 
strength of reinforcement. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a front view of a flat steel cord to 
which lateral and longitudinal waveforms have 
been applied and which has been wrapped by a 
wrapping strand for reinforcement of rubber 
articles. 

FIG. 2 is a plane view of the steel cord for 
reinforcement of rubber articles of FIG. 1. 

FIG. 3 is a partial enlargement of FIG. 1 . 

FIG. 4 is a partial enlargement of FIG. 2. 

FIG. 5 [shows] sectional views of various 
sections of FIG. 4. 

FIG. 6 is a front view of an embodiment of 
the present invention. 

FIG. 7 is a plane view of a conventional steel 
cord for reinforcement of rubber articles. 

FIG. 8 is a sectional view showing a mode of 
usage for rubber articles reinforced with a steel 
cord for reinforcement of rubber articles. 
Explanation of the Reference Characters 

1 cord strand 

2 wrapping strand 

61 .... supply reel 

62 .... wave forming device 
63 .... wrapping device 

64 .... presser 
65 .... take-up reel 

T apparent thickness of steel cord 

W apparent width of steel cord 
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FIG. 3 

47 




FIG. 5 

B-B A -A 




fig. 4 




61 



FIG. 8 
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